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SUMAMRY 


A  sabot,  utilizing  internal  gas  OKpansion  to  saporato  its  halvos,  was  dAVolopod 
for  uso  in  the  launchirig  of  hypervalocit/  pro{eciItas.  Most  sabots  ara  designed  so 
thot  aerodynamic  forces  will  strip  the  pcrh  away  from  the  projectile.  Here, 
separation  was  achieved  by  bumtr^g  a  propailont  inside  the  sabot  while  it  troveled 
down  the  gun  borrel.  Upon  launch,  the  high  pressure  gosas  Imparted  lateral 
velocity  to  the  halves  by  expansion  work. 

It  was  desired  to  ochievo  separation  velocities  of  i  .5  x  10^  ctr/sec.  At  this 
velocity  each  half  of  the  sabot  would  be  displaced  10  cm  from  the  trajectocy  at 
6  meters  from  '.aonch  when  fired  ot  a  velocity  of  29,500  feat  per  seco^.  A  total 
of  33  experimantat  firings  ware  carried  out  from  CAL  .60  povi^r  ond  light  go*  guns. 
Both  aluminum  and  flberglos  sobots  were  used.  The  lighter  flberglas  lobot  gave  the 
desired  separation  velocity  wfien  fired  at  8570  feet/sacond  from  the  powder  gun. 
However,  It  frocturod  when  fy*d  from  the  light  gas  gun.  The  aluminum  sabot  gave 
a  lateral  velocity  of  0.8  x  10  ctVsec  when  fired  at  14,000  feel/secorxi  from  the 
light  gas  gun.  The  lower  than  predicted  separation  velocities  moy  be  a  result  of 
the  assumptions  used  In  the  ccs  leu  lotions.  However,  the  velocities  achieved  are 
adequate  for  present  light  ges  gun  work. 

TV/o  major  prc^lems  ware  high  proJecHio  dispersion  and  sobot  mo*s.  in  most  of  the 
light  gas  gun  firings  the  projectile  missed  the  torget.  This  was  thought  to  be  caused 
by  the  sabot  gaoi.;sfry.  Lower  sabot  masses  are  required  to  permit  higher  velocity 
firings.  improvamaniS  in  irtatorials  and  design  should  solve  both  the  moss  and 
dispersion  probiams. 


L  INTRODUaiON 


A  current  problem  In  hypervelocity  projection  Is  the  technique  of  sabotingthe 
projectile,  Soboh  ore  necessary  for  achles'Ing  high  velocity  ^  for  the 
Deceleration  of  projectile  shapes  which  ore  not  suited  to  forming  a  gas  seo! 
within  the  launch  tube.  Once  the  acceleration  Is  complete  and  the  sabet 
and  projectile  ossembly  leoves  the  launch  tube  of  the  hypervelocity  pro{»’ctor, 
the  sabot  must  be  separated  from  the  projactlle  so  that  It  will  not  Interfero 
with  in-flight  and  teimlnol  ballistics  meosuramenfs.  The  most  widely  used 
method  of  sabot  separotlon  at  the  present  time  is  the  opplicatlon  of  the  atro- 
dyrKsnic  forces  encountered  In  high  velocity  (even  in  the  evacuated  ranges). 

Thus  the  fobots  are  usually  split  into  two  or  more  pieces  which  have  an  und.jr- 
cut  angled  surface  at  the  forward  end.  The  air  impinging  upon  the  surface 
creates  a  lateral  force  component  os  well  as  a  longitudinal  one/  ortd  the  sabot 
sections  are  pulled  away  from  the  projectile. 

Under  some  circumstances,  aerodynamic  forces  connet  be  used  to  achieve  $»ibot 
separation.  For  example,  if  the  sabot  mutt  be  mode  of  a  dense  matenol,  H  may 
not  move  away  from  the  projectile  fast  enough,  particulorly  at  very  high  vnlocitie* 
to  prevent  it  from  striking  the  target  along  with  the  projectile.  This  Interf  sres 
with  tennina!  ballistics  data.  Other  sltuoHons  would  be  where  the  sabot  ond 
projectile  and  design  does  not  permit  the  use  of  oerodynamlc  seporotlng  surfaces. 

The  objective  of  this  program  it  to  develop  a  sabot  which  has  an  active  rather 
than  a  passive  meons  of  separation.  The  method  uses  a  propellant,  such  as  gun¬ 
powder,  which  Is  burned  in  a  covity  within  the  sabot  while  the  sobot  is  In  the 
launch  tube  of  the  hypervelocity  projector.  When  the  sabot  leoves  the  launch 
tii:e,  so  that  it  is  no  longer  restrained,  the  high  pressure  generated  in  the 
cavity  will  perform  PdV  work  on  the  sabot  halves,  cousing  then-,  to  f!)'  apart. 
The  propellent  is  ignited  by  a  setback  initiator  ot  the  instant  the  gun  is  fired. 

By  odjustlng  the  type  and  quemtity  of  the  propellant  and  the  volume  of  tho 
cavity,  the  total  burning  time  can  be  controlled;  thus,  knowing  tho  time  the 
sabot  will  spend  in  the  launchfcjbe  of  any  given  gun,  the  propellant  bum  choracter- 
istics  can  be  adjusted  to  mctch  so  that  the  maximum  pressure  is  developed  In  tho 
cavity  (at  tho  instant  of  complete  propellant  consumption)  close  to  the  time  thot 
the  sabot  leoves  the  launch  tube. 

Tho  following  criteria  were  established  for  this  project: 

1 .  The  sobot  Is  to  be  of  aluminum,  end  will  fit  o  caliber  .60 
launch  tuba.  It  will  weigh  6  groms  or  less,  exclusive  of 
the  projactile.  Moterials  other  than  aluminum  may  be 
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Investigated  If  they  have  potentially  the  sane  strength  character¬ 
istics,  but  a  lower  density,  so  that  the  total  moss  moy  bo  reduced. 

2.  Each  half  of  the  r^ibot  must  be  sepcroted  by  10  cm  from  the  trajectory 
at  6  meters  from  a  gun  launch  tube  when  fired  at  o  velocity  of  9 
kilometers  per  second,  and  a  range  pressure  of  1  mm  Hg,  The  re¬ 
quired  velocity  of  separation  of  each  sabot  half  is  therefore 
1,5x10^  cm/tec- 

3.  Tiie  projectile  Is  to  bo  a  3/6"  dirsmeter  steel  sphere  weighing  3.5 
grams, 

4.  Testing  during  the  develof>me',it  of  the  sabot  will  be  done  with  a 
high  velocity  pa/rdergun.  Rnal  tests  will  be  done  in  a  light  gas 
gun. 
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tr.  DESIGN 


A.  REQUIREMENTS 

Tho  required  kinetic  energy  of  Mporotlon  con  be  colculated  simply 
from  jnechcmlcSt.  Thus,  for  a  separation  velocity  of  1 ,5  x  ICr  cnv/sec 
ond  a  maximum  mass  of  6  grams,  the  maximum  energy  required  It 
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KE“  ^  “67,5|ouIes 

For  velocity  rcnges  of  Interest,  the  acceleration  time  of  most  light 
gas  guns  is  between  400  and  800  mlcrosecorKls.  Ideally,  the  propellant 
would  be  completely  consumed  close  to  the  time  the  sabot  emerges  from 
the  gun  muzzle.  This  bumlrtg  time  requirement  restricts  the  propellant 
to  rifle  otkI  pistol  powders. 

Calculations  were  done  for  the  following  powders: 

1)  Builseye 

2)  Uhlque 

3)  No,  2400 

4)  Hlvel  No.  2 
5}  Herco 

All  calculations  assumed  that  10  percent  of  the  energy  content  of  the 
powder  would  be  converted  to  kinetic  energy  of  the  sabot  helves.  When 
computing  the  cavity  volume  for  each  powder,  10  percent  was  odded  for 
the  initiator, 

8,  ENGfNEB?ING  CALCULATIONS 

I .  Calculation  oF  PdV  Work,  Precurg,  ond  Volume  Qionge 

The  following  procedure  wos  used  to  compute  the  PdV  work,  pressure, 
and  volume  change  requirements  for  the  powden  listed  in  Section  A, 
(See  Appendix  A  for  detailed  sample  calculotion.) 
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a. 


liifng  heat-  of  explosion  and  10  percenf  conversion  efficiency, 
colculcte  mats  of  powder. 


b.  From  bulk  density  and  result  of  step  a,  calculate  the  volume 
the  powder  will  occupy.  Add  10  percent  for  Initlotor.  This 
Is  propel  lont  cavity  volume. 


c.  Auuming  the  perfect  gas  low,  p 


coiculate  the  pressure 


developed  In  the  propellant  cavity  ot  complete  consumption  of 
the  powder. 


Assuming  o  reversible  odiabotic  e^^saitslon  orxi  a  perfect  gas,  or>e  may 
derive  the  following  equation  from  thermodynamic  relotlons: 


where 

W  =  required  kinetic  energy  of  sabot  halves 
=  rotio  of  specific  heats 
n  “  moles  of  powder 

R  =*  gas  constant 

T  "  odlobotlc,  Isochoric  gas  temperoture 

P]  =*  Initial  cavity  pressure  (maximum  developed) 

^2  °  cavity  pressure  after  performonce  of  the 

required  PdV  work 

d.  Using  given  chorocterlstlcs  and  results  of  steps  a-c.  colculote  ?2 
from  Equation  (1), 

For  G  reversible  odlobotlc  expansion,  the  following  equation  holds; 

-a  = 

P(  W;,/ 
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where 


tntttal  ccr/ity  pressure 
final  cavity  pressure 
Initial  cavity  volume 
flrxjl  cavity  volume 
ratio  of  specific  heats 


e.  Using  the  values  determined  above  For  V] ,  and 

calculate  Vo  from  Equation  (2).  The  values  of  V]  and  V2 
determined  nom  this  calcuiotlon  procedure  are  Input  data 
for  the  mechanical  design  of  the  sc^t  propellont  cavity. 


The  values  of  P  (i-'j  -  P^)  ond  AV(V2  -  )  found  from  the 

above  orocedure  were  compared  with  those  obtained  directly 

from  Newton's  Secorvi  Low  of  mechonics,  viz;  F  .  mv. 

dt 


The  results  thus  obtained  were  Found  to  be  a  reasonable  check 
of  the  values  calculated  from  thermodynamics. 


2,  Gilculatlon  of  Powder  Bum  Time 


Since  the  weights  of  powder,  required  cavity  volunu^,  and  AV 
for  the  five  powders  previously  listed,  were  reasonable,  the  next 
step  was  to  coiculote  the  burning  times.  Llslng  data  supplied  by 
the  monufbcturer,  and  calculated  from  the  procedure  described 
In  Section  I,  the  burning  times  for  these  powders  were  computed 
as  follows: 

o.  Ublng  granulation  data,  calculate  the  volume  of  one  grain. 

b.  Using  the  density  and  desired  weight  of  pcwder,  calculate 
the  number  of  groins. 

c.  Using  moles  per  grain  data  from  manufacturer  and  result  of 
step  6,  calculate  the  total  number  of  moles  of  gas  produced 
by  burning  the  powder. 

Noting  that  the  length  of  o  grain  Is  reduced  by  burning,  along  with 
the  radius,  it  is  possible  to  express  the  volume  of  a  grain  as  a  function 
of  the  rodiiw.  This  equation  Is 

V=  ^  r  ^(zr  -  K)  ~  z‘Trr^- K 
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where 


V  =  volume  of  powoer  per  grain 

r  =  radius  of  the  grain 

2r  -k  =  length  of  grain  Of  ~  constant  depending 
on  grain  dimensions) 

Nov/  the  number  cf  moles  of  gas  which  can  be  produced,  N*,  is 
N'  =  m  V  n* 

where 

m  =  moles  of  gas  per  grain  of  powdw 

=  density  of  powder 

n*  =  number  of  grains 

And  the  number  of  moles  of  gos  present  in  the  cavity  at  any  given 
grain  radius  is 

N  (r)  =  N  -  N' 


where 


N  =  total  number  of  moles  of  gas  produced  by 
burning  all  the  povAior,  as  found  in  step  c. 


MCr)  -  N  - K*rrr^) 


(3) 


Since  the  pressure  In  the  ccr/ity  Is  P  = 
expressed  os  a  function  of  radius  thusly. 


P. 


RT 


N  (r) 


N,  it  con  be 


(4) 


The  burning  rate  of  c  powder  groin  is  a  function  of  the  pressure 


R  =  cP*"  = 


(5) 


d  r 
dt: 
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Combining  Eqjuo^lons  (3),  (4),  and  (5),  w«  have 


d’-  =  C 


N 

Ktrr^^J 


lO 


(6) 


whoM  rociprocol  It 


r  1") 

|^=  N- My»n*(2Trr4.K'frr^)J  j 


-K) 


(7) 


d. 


e. 


Using  Equation  (7),  calculate 

dr 

and  plot 

dr 


VI.  r. 


for  various  values  of  r 


Graphloaii/  Integrate  the  curve  obtained  In  step  o.  This  value 
Is  the  bumirtg  found  to  be  In  the  range  oT  Interest. 


The  burning  times  of  the  five  powders  were  cclculctcd  In  this 
manner  4jrd  found  to  be  In  tho  rtingo  cF  Interest. 


3.  Retuits  of  Caicuiations 


Results  of  the  caicuiations  ure  presented  In  Table  1 .  From  this  table 
It  can  be  teen  that  propellants  (1),  (2),  and  (5)  are  suitable  for  use 
In  light  gas  guns.  Propellant  (4)  hos  a  burning  time  suitable  For  tho 
standard  caliber  0.60  powder  gun  used  for  some  of  the  experiments, 

C.  MECHANICAL  DESIGN 

1 .  Propellant  Covlty  and  Cup 

The  accomplishment  of  PdV  work  which  imparts  klnotic  energy  to  tho 
sabot  helves  requires  o  discrete  change  of  volume  of  tho  prepei'ant 
cavity.  Since  each  half  of  the  sabot  carries  half  of  the  propellant 
covlh/,  provision  must  bo  mode  for  scaling  in  the  high  pressure  gas 
to  permit  an  odiabotlc  esqsanslon  os  the  sabot  halves  start  to  5ep>arate  = 
If  the  propellant  cavity  is  c  cylinder  this  can  be  acccmpllshad  by 
simply  placing  a  thin  wall  sleeve  within  the  cavity.  Thus  the  sabot 
halves  slide  along  this  sleeve  for  some  small  distance  which  allows 
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Hie  proper  volume  expansion.  Tliere  is  a  limit,  of  course,  to 
the  amount  of  travel  that  con  be  o! lowed,  that  Is,  the  required 
PdV  work  would  hove  to  be  completed  when  the  sabot  halves 
were  some  snail  distance  aport.  This  separation  distance  was 
selected  to  be  0.1  inch. 

SImpI/  uring  a  sleeve  Is  not  erniugh,  however.  H  Is  quite  likely 
that  after  separation  the  sleeve  would  remain  behind  the  projectile 
and  strike  the  target.  Thus  It  is  desirable  to  force  the  sleeve  to 
seporote  with  one  of  the  sabot  halves.  This  Is  easily  accomplished 
by  merely  closing  one  end  so  that  it  takes  the  form  of  a  cup.  The 
gas  pressure  works  against  the  closed  end,  transmitting  the  separating 
force  through  it  to  the  sabot  holf  so  that  the  cop  must  go  with  that 
half. 

The  two  different  types  of  propellant  cups  used  are  shown  in  Rgure  1 . 
In  Rgure  1o  is  the  propellant  cop  used  with  Hivel  No.  2  powder. 

ccv'ity  In  which  this  cup  was  used  hod  o  volume  oJ’  0.169  cubic 
cuntimetcrs.  These  cups  ware  fabricated  from  copper.  The  conical 
bottom  is  simply  the  ortgle  of  the  end  of  a  drill  bit  so  that  It  fits 
properly  In  a  drilled  cavity.  The  cups  were  fabricated  by  punch 
and  die.  Rgure  lb  shows  the  cup  us^  with  0.22  cm^  and  0.25  cm^ 
covltles.  These  cups  were  machined  from  2024-T4  aluminum  to 
reduce  weight.  The  wall  thickness  however  was  mode  greater 
than  that  of  the  copper  cup.  This  wos  necessary  because  the  copper 
cup  hod  G  tendency  to  rupture  under  the  high  pressures  developed 
In  the  covitles. 

Sabot  Design 


The  scbot  configurotions  used  were  extensions  of  previous  work.  The 
throe  different  types,  all  fobricoted  from  2Q24-T4  aluminum,  are 
shown  in  cross  section  Rgure  2.  Rguro  2a  shows  the  Mark  V  sabot. 
This  scbct  Y/os  used  only  with  the  copper  cop  which  is  shown  in 
Rgura  la.  The  conical  toil  is  to  prevent  formation  of  a  shock 
wave  within  the  sabot  to  result  from  sudden  applicotion  of  the  high 
pressure  gos  of  the  light  gas  gun.  Figure  2b  shows  the  Mark  VI 
sobot.  In  order  to  reduce  the  weight  of  the  sobot,  metal  was  removed 
frtxn  the  rear  so  thot  it  was  hunispherical  insteod  oF  conical.  It  too 
used  the  copper  cup  of  Rgure  la.  Rgure  2c  the  Mark  VI  Mod  i 
sobot.  This  sobot  was  designed  for  the  alucilni.irn  cup  of  F'gvre  'fc 
ond  wca  used  with  the  shorter  burning  time  powders  which  require  the 
larger  cavity. 
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One  of  fhe  problems  of  designing  toboli  of  this  type  Is  to 
keep  the  weight  to  a  minimum-  The  presence  of  the  cavity 
not  only  increases  the  required  length  of  the  sabot  but  also 
impairs  its  structurol  strength.  The  Mark  VI  Mod  I  sciot 
was  designed  to  be  mode  of  aluminum-  lt«  moss  of  approxi¬ 
mately  9,85  grams  was  the  minimum  that  could  be  obtained 
with  cary  degree  of  structural  integrityo  In  an  o^tempt  to 
reduce  the  mass  by  using  a  lower  density  material,  an  ex¬ 
tensive  search  was  mode  for  piactics  which  might  be  strong 
enough  to  withstand  the  acceleration  forces.  Only  one  was 
selected  for  testing  .  This  material  was  GB28Edtelectroc 
fiberglass-epoxy  laminate-  Tiie  total  mass  of  sabots  mode 
from  this  material  was  about  8  grams- 

The  projecHIo  used  in  all  of  the  sabots  was  a  3/8  Inch 
diemeter  chrome  alloy  steel  ^ere  weighing  3,52  grams. 
The  mass  of  the  sphere  It  Included  In  the  total  mastes  given 
for  the  scoots-  Also  Included  In  this  total  moss  Is  the 
propellent  and  Inltiotor- 

3-  Initiator 


The  initiator  cempoond  used  to  ignite  the  propellant  was  lead 
styphnate.  This  was  packed  into  a  thin  walled  gloss  tube  which 
wos  placed  In  the  propellant  cavity.  The  h»be  was  made  by 
drawing  dovm  stondord  glass  tubing  to  a  smoll  diameter.  After 
resol idifi cation  of  the  glc2ss,  soveral  initiator  hjbes  could  be 
cut  from  the  drown  section., 

Two  kinds  of  .'ubo  placement  v/ero  used.  These  are  shown  in 
Figure  3  .  During  tfie  first  part  of  the  experimentation,  il.e  tubes 
wera  placed  as  shown  in  Rguro  3a,  vcrticially  In  the  rear  of 
the  cavity  .  In  the  remaining  shots  the  tubes  wore  placed  as 
shown  in  Figure  3b,  horizontally  and  longitudinally  in  the  covlty, 
with  one  end  of  iha  glass  tube  ogainst  the  front  of  the  cavity. 

This  letter  arrangement  was  found  to  offer  greater  reliability- 

The  opsratiai  of  the  Initiator  is  as  follows-  When  the  gun  is 
fire<J  the  sudden  acceleration  causes  the  tube  to  crush  urxJer  its 
own  v/eight.  The  gloss  splinters  are  fo.raed  Into  the  lead  styphrsate, 
Ths  resulting  friction  detonotes  the  styphnote  which  creotes  a  very 
hot  flosh  that  Ignites  the  propellent. 
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Aceeieratfon 

Rguro  3(a)  Vertical  Initiator  Plocement 
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Rguro  3(b)  Horlzontal-Longitudlnail  Initiator  Plocwnent 
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s^/p^^ncfa  bafoje  oc 
■vas  used  v/itli  thrac' 
ppavod  fo  bi  onHre! 
ho'.vaver,  ii-rconijm 
propelicni'  preins 
them  the  prcpnlfa.it 
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EXPaiMENTS 


Two  types  of  experiments  were  conducted  on  this  program  and  a  total  of 
33  shots  were  fired  The  development  work  was  done  with  a  caliber  ,60 
powder  gun  range  at  velocities  up  to  8000  feet/secorxii  This  encompassed 
the  first  27  shots.  Final  testing  wos  done  in  the  light  gas  gfon  range  ot  the 
U  S,  Nava!  Roseorch  L^>oratory  at  velocities  up  to  14,000  feot/secor»d 

A.  EXPERIMENTAL  FACILITIES 

1 .  Powder  Gun  Ronge 


A  diagram  of  the  powder  gun  range  used  is  shown  In  Figure  4 
Two  smooth  bore  caliber  .60  powder  guns  served  os  the  high 
velocity  projectors.  One  gun  hod  a  five  foot  long  launch  tube 
QfKl  was  used  for  achieving  maximum  muzzle  velocity  The 
other  gun  hod  a  2.5  foot  long  launch  tiAe  orxJ  wos  used  for 
simulating  the  time-in-loonch-tuhe  of  light  gas  guns  so  that 
the  shorter  burning  time  propellents  could  be  tested 

The  sobots  v/ero  launched  Into  o  12  foot  long,  19  Inch  diameter 
vacuum  chamber  in  which  the  separation  took  place.  In;!dt  the 
chamber  were  steel  baffles  spaced  16  inches  apart  down  the  full 
length.  The  projectile  and  sabots  passed  through  4  inch  diameter 
holes  in  the  center  of  the  baffles  At  the  end  of  the  tank  was  a 
1/8  inch  thick  neoprene  diaphrogm  5  Inches  in  diameter.  After 
sabot  separation  and  trapping  by  the  baffles,  the  projectile  passed 
througl'i  the  rupture  diaphragm  into  a  sand  chamber  which  was 
outside  the  tank  The  gun  was  electrically  fired  by  o  50  volt 
pulse  from  on  electronic  timing  generator.  This  timing  generator 
was  also  used  for  operotion  of  the  instrumentation,  Overoll 
control  of  the  system  was  Qccomplisl'ied  with  a  remotely  operated 
sequence  timer, 

instrumentation 

Two  types  of  diegnostics  were  used.  The  sobot  and  projectile  velocity 
was  measured  by  time  of  flight  down  the  length  of  the  range,  and 
flash  x-ro)'  wos  used  to  Investigate  sabot  separation-  In  oddirion 
the  befflo  assembly  Inside  the  tank  was  designed  to  be  removed. 

Sabot  separation  velocity  could  therefore  be  measured  from  the 
locations  of  penetrotion  of  the  baffles,  A  block  diogrom  of  toe 
instrumentation  .system  oppeors  In  Figure  5. 
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Triggering  of  the  fltah  x-roy  end  the  first  time  of  flight  pulse 
was  received  from  a  switch  at  the  end  of  the  launch  tube..  Both 
make  contact  and  breok  contact  types  were  used  which  were 
actuated  by  the  sabots.  This  switching  prcved  to  be  the  most 
troublesome  port  of  the  system.  The  percentage  of  reliability 
of  proper  functioning  was  much  iea  greater  then  the  desired. 

The  flash  x-roy  was  a  1  channel/  105  kiicvoit  system  with  a  30 
nanosecond  pulse  width.  It  was  triggered  by  a  time  delay 
generator  which  was  started  by  the  switch  ot  the  end  of  the  launch 
tube.  The  flash  x-ray  proved  to  be  extremely  valuable  and  much 
Inform'.'tion  was  obtained.  Failure  of  the  triggering  switch  to 
function  properly  did  prevent  the  acquisition  of  some  dotO/ 
although  it  was  usually  still  possible  to  measure  the  sabot  separation 
velocity  from  the  baffle  penetration. 

The  second  time-of-fllght  signal  w<u  received  from  foil  screens 
placed  between  the  end  of  the  vacuum  chamber  and  the  sand 
chcsnber  which  caught  the  projectiles.  The  sweep  of  an  oscillo¬ 
scope  v/os  sforted  at  the  same  time  the  firing  signal  was  sent  to 
the  gun.  The  two  pulses,  one  from  the  launch  tube  and  the  other 
from  the  time  of  flight  screens#  were  then  displayed  on  the  oscillo¬ 
scope  sweep. 

2  Light  Gas  Gun  Focillty 

The  lost  6  experiments  were  conducted  in  a  caliber  .60  light  gos 
gun  at  the  U-  S,  Naval  Research  Laboratory/  Washington/  D.  C. 

This  gas  gun  uses  a  40  millimeter  pump  tube  and  fires  Into  on 
evacuated  range  approximately  35  feet  In  length.  This  vacuum 
range  has  thick  sreel  boffles  spcced  down  its  entire  length.  Holes 
in  the  boffles  ore  from  2-3  inches  In  diameter, 

Tne  instivmgntatlon  on  these  shots  corjsisted  of  two  high  speed  framing 
cezrseras.  One  of  these  wos  stationed  ot  the  target  end  of  the  range 
ond  was  used  to  measure  the  velocity.  The  other  was  at  the  gun  erxl 
of  the  ronga  end  was  used  to  investigate  sobot  separation.  Velocity 
moosurements  were  mode  reliably,  however,  much  difficulty  was 
e;perlQncod  with  the  sabot  separation  comera.  This  camera  was 
stationed  about  40  inches  From  the  end  of  the  launch  tube.  The  gos 
rtreann  from  tlio  launch  tube  wos  still  dense  enough  at  this  position 
to  obscuro  the  projectile  and  sobot  halves  from  view.  The  desired 
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range  pressure  wets  1  mfiltmeter  of  mercury.  However,  shots 
at  50  and  100  mTiMmeters  of  mercury  were  tried  In  on  ottempt 
to  slow  down  Hie  gas  stream.  There  was  no  Improvemait  In 
this  problem;  however,  tome  Informotlon  vros  gathered  from 
this  camera  station. 

B.  EXPERIMENTAL  RESULTS 

Table  II  Is  c  summary  of  the  experimental  resu(^'..  This  table  presents 
a  cross  section  of  the  types  of  experiments  thot  t/ere  done.  The  sepora** 
tion  velocities  achieved  were  not  quite  as  high  cs  desired,  but  ore 
entirely  adequote  for  most  applications.  For  exanplet  If  the  sobot  can 
withstand  the  high  ”g"  forces,  a  sepcratlon  velo^-ity  of  1 .0  x  10^  cm/tec 
would  give  a  total  distance  between  sdx>t  halves  of  about  one  foot  ot  the 
end  of  a  35  foot  range/  for  a  mojectlle  velocity  ^  v  25,000  feet/second- 
Rgure  6  Is  the  flash  x-roy  photograph  showing  sejcrotlon  of  experiment 
5.2-8.  Figure  7  is  a  photogroph  of  the  sobot. 


In  general.  It  was  found  that  If  complete  consumptlcn  of  the  cavity 
propellant  (calculated  burn  time)  occurred  within  10''  microseconds 
before  sabot  exit  from  the  launch  tube,  the  sabot  se,H  ration  velocity 
was  not  significantly  Impaired.  If  the  time  differenc*  was  200  -  300 
microseconds,  the  reduction  In  seporatlon  velocity  w  serious.  This 
Indicates  thot  cavity  pressure  was  lost  doe  to  cooling  >f  nos, 
or  possibly  leckago,  Leakoge  seems  unlikely  because  -jf  the  s^'f-seoilng 
effect  of  the  gas  pressure  acting  on  the  walls  of  the  prcTellont  ci>». 

The  aluminum  propellant  cops  were  found  to  be  better  than  the  coppt. 
cups.  The  copper  hod  a  tendency  to  rupture  from  the  cavity  pressure 
as  the  sabot  helves  separated. 

The  flash  x-ray  photogrophs  showed  that  the  sobots  opened  from  the  reor. 
This  is  probably  due  to  the  center  of  preMure  being  oft  of  the  center  of 
gravity  of  each  sabot  half.  This  moy  have  Induced  some  of  the  fracturing 
of  the  copper  cups.  It  also  could  cause  a  lower  separation  velocity 
because  of  drag  on  the  cop.  The  fiberglass  sobots  worked  well  in  the 
powder  gun.  The  one  which  was  tried  In  the  light  gas  gun  broke  up  In 
the  launch  tube. 

Of  the  six  light  gas  gun  shots,  a  separation  velocity  measurement  wos 
obtained  on  only  one.  This  was  0.8  x  10^  ai>/sec.  This  was  due  to  the 
difficulty  with  the  instrumentation,  as  previously  stated.  Since  the  real 
test  Is  not  so  much  the  seporatlon  velocity  <3  it  Is  just  whether  or  not 
the  sobot  material  strikes  the  target,  steel  and  aluminum  targets  were  used 
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orj<i  examined  after  every  ihot,  TTie  firsf  light  gos  gun  s^tot  fired 
wos  a  dummy  scbot^  i^c.,  inert  moteriol  was  In  the  cup  in  place 
of  the  propellant.  The  intent  of  this  was  to  look  for  breakup  of 
the  sabot  In  the  launch  tube.  Tha  sabot  did  net  break  ^p;  the 
projectile  struck  the  forget,  and  o  very  few  pieces  of  the  sabot  did 
also.  On  oil  of  the  other  shots,  however,  rhe  projectiles  foiled  to 
hit  the  target.  Some  sabot  moterial  did  strike  the  targets  on  most 
of  these  shots,  however.  Since  the  sabots  apporently  were  not 
breoking  up  In  the  launch  tube,  and  since  seporatlon  vros  being 
achieved,  it  oppears  that  some  force  was  causing  the  projectile- 
sobot  assembly  to  bo  knocked  off  trajectory ,  This  appears  to  be 
substantiated  by  tho  fact  thot  in  several  shots  a  port  of  the  sabot 
stivck  the  forget  but  fK)  projectile  hit  was  observed*  Thus  if  the 
whole  assembly  were  oonted  out  of  line  and  separation  was  achieved, 
this  result  would  be  expected.  The  failure  of  the  projectiles  to  hit 
the  target  in  this  shot  could  be  attributed  to  one  or  more  of  three 
causes: 

1  Bolloting  in  the  lounch  tube.  This  is  quite  likely,  since  the 
l/D  of  the  sabot  (contact  surfoce)  Is  lea  than  1 ,  l/D  of  2 
is  usually  considered  best 

2  Gas  blast,  Tha  sabots  begin  to  open  immediotely  offer  leoving 
The  launch  hjbe .  Since  this  opening  is  osymmetri cal ,  the 
inside  surfaces  of  the  sciot  halves  arc  at  different  angles 
relative  to  tho  trcjoctory;  thus  a  net  lateral  force  could  be 
applied  by  the  gas  strean  emerging  from  the  bore  immediotely 
behind  tha  sabot .  The  force  of  the  streom  is  on  order  of 
magnitude  greater  thon  from  the  po’r/dor  gun 

3  Scbot-holf  dragging  on  projectile.  Part  woy  through  the 
cxperi  .ientotlon  it  was  noticed  tlrat  tha  projectiles  in  some 
of  tho  remairing  sabot’s  had  a  tendency  to  stick  in  one  holf. 

This  co'jld  caus»?  the  sphere  to  be  ptdied  off  trajectory  as  the 
sabot  opioned.  Conrecticn  of  this  tendency  to  stick  did  not 
produce  n  target  impact,  hov/ovor  It  should  be  noted  thot  the 
'iphf  ges  range  is  quite  long,  with  numerous  baffles  Inside. 
>u-,ic  ot  :!-.o50  baffles  ha-/'*  hoios  only  two  inches  in  diometer, 
inu:  :i  aivo!'  perturbatio<i  con  prevonl  o  hit 

Complete  data  o^i  all  th-  exp-srl’nent^  conducted  Is  given  in  Table  III. 
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SilUrf  Typ« 

To^ol  Wolgkt 

luitiotor  Tubo 

initiator  Motorioi 

Powdei 

fl.2-1  MkV 

1 1 ,02  gm 

Mono 

Pb  itypS, 

HIvel 

2  MkV 

1 1 . 02  gm 

Vortical 

M 

I* 

3  MkV 

1 1 .00  gm 

II 

II 

" 

4  Mk  VI  Mod  1 

9.95  gm 

M 

M 

It 

5  Mk  VI  Mod  1 

9,95  gm 

li 

II 

K 

6  V  VI  Mod  ) 

9.95  gr 

II 

tl 

it 

7  Mk  VI  Mod  1 

9.95^ 

II 

II 

II 

8  Mk  VI  Mod  1 

9.65  gm 

II 

II 

i> 

9  Mk  VI  Mod  1 

9.85  gm 

II 

II 

M 

10  Mk  VI  Mod  I 

9,85 

None 

None 

None 

n  Mk  VI  Mod  1  fiboiplou 

8.09  gm 

Vorticol 

Pb  styph. 

HIvel  h 

12  Mk  VI  A4od  1  fiborolau 

8,09  gm 

VI 

M 

II 

13  Mk  VI  nborylon 

8,09  gm 

II 

II 

M 

14  Mk  VI 

10.22  gm 

Horfrontol 

II 

M 

If  Mk  VI 

10, 1  gm 

II 

Pb  ftyph,/ 

|i 

16  A4k  VI 

10,16  gm 

II 

crushed  glass 

It 

17  Mk  VI  Mod  1 

10.09  gm 

tl 

Styph.  glass 

ZrPbOa 
•  1  ^ 

If 

18  Mk  VI  Mod  1  ribofoloM 

8. 14  gm 

M 

M 

19  Mk  VI  Mod  1  flborgloM 

8. 10  gm 

II 

It 

It 

20  Mk  VI  Mod  1  Hborglon 

8.12  gm 

II 

ft 

Builsoye 

21  MkVIModI 

8. 12  gm 

II 

II 

11 

22  Mk  VI  Mod  1 

9,78  gm 

II 

It 

II 

23  Mk  VI  Mod  1 

9.74  gm 

It 

II 

Herco 

24  Mk  VI  Mod  1 

9,80  gm 

M 

II 

Unique 

TABIC  III 


fXPaiMCNTAL  RCSUITS 


Powder 

Tim*  In 

Powdtr  Typ« 

Powder  Welgltl 

Burn  Tim* 

Launch  Tub* 

Velocij^ 

Vacuum 

Seporotion  Velocity 

Hlv*l  No.2 

152  my 

1200^  1 

1 300  1 

6‘’00  fr4 

0.  8  mrn 

- 

1* 

II 

II 

1285  M  < 

7000  fp» 

0, 8  mm 

0,9  k  10^  cm/i*c 

II 

II 

II 

1270;,  1 

7060  fpi 

0. 4  mm 

- 

M 

II 

ll 

1300;,  • 

6900  fpi 

0. 8  mm 

0,  77  K  1 0^  cm/iec 

If 

It 

II 

1330  m  1 

6500  fpt 

0, 2  mm 

- 

II 

It 

1 1 

1340  ^  1 

6700  fp$ 

0. 15  mm 

0, 74  K  1 0^  cm/iec 

It 

II 

ll 

I300m« 

6930  fps 

0.  7  mm 

- 

1 

It 

II 

It 

1150^* 

7800  fpi 

0, 8  mm 

1,1  X  10^  cm/tec 

> 

ll 

l« 

M 

1200 

7500  fpt 

0. 8  mm 

0, 9  X  10^  cm/'*ec 

None 

- 

- 

1180 ;4i 

7600  fpi 

0,9  mm 

nil 

h 

Hivel  No.2 

1  52  rng 

1200^  » 

IISO^ui 

7800  fpi 

0,6  mm 

1 , 5  X  10^  cnr\/»ec 

V 

II 

It 

If 

“ 

0,9  mm 

- 

h 

II 

It 

II 

- 

- 

0.9  mm 

- 

II 

If 

1 1 

1 160  M  s 

7750  fpi 

0.9  mm 

0.52  X  10^  cm/iec 

Y 

II 

1 1 

II 

1160  ;4  1 

7750  fpi 

0.9  mm 

0.26  X  10^  cjn/iec 

Y 

ll 

If 

ll 

1  180;,  % 

7650  fpi 

0.7  mm 

0,62  X  10^  cm/iec 

Y, 

•I 

It 

II 

1160^  I 

7750  fpt 

0. 7  mm 

0w04  X  10^  cm/iec 

Y, 

II 

II 

fi 

1  Half 

1120^  1 

8000  fpi 

0.5  mm 

1,1  X  10^  cm/ lec 

Y, 

|>I 

II 

- 

- 

0.9  mm 

- 

N 

Bullieye 

1 24  mg 

5.54  5 

580  ^  5 

7740  fps 

0. 8  mm 

Nt 

II 

U 

VI 

655 s 

6850  fpi 

0.9  mm 

1,0x10^  cnv^ lec 

Yc 

II 

It 

It 

675;,  j 

6670  fpi 

0.  7  mm 

1 , 0  X  10^  cm/ $ec 

Ye 

Herco 

1 50  mg 

-'-M  u  s 

6  "m  * 

6670  fpi 

0.  7  mm 

0,  07  X  10^  ( fn,7»*C 

N< 

Unique 

!  24  mn 

4'^?  u  . 

i  t  f 

TABU  III 


fXPWIMEMTAl  RESUITS 


iotor  Moterlol 

^wd«f  Type 

Powder  Weight 

Powder 
Bum  Time 

Time  In 
Lounch  Tube 

Velocity 

•locify 

HIvel  Noj2 

152  mg 

1200^  s 

1300  p  s 

6900  fps 

No 

tt 

II 

It 

II 

1285 >1  s 

7000  fps 

T>/»*C 

Yes 

II 

II 

II 

II 

1270^1 

7060  fps 

No 

It 

M 

II 

It 

1300^  1 

6900  fps 

:m/»ec 

Yes 

M 

It 

II 

II 

1 380 II 1 

6500  fps 

No 

II 

M 

It 

ft 

1340)1  1 

6700  fps 

fli/iec 

Yes 

f| 

14 

II 

II 

1300)11 

6930  fps 

No 

M 

|l 

M 

It 

1150)11 

7800  fps 

i/iec 

Yes 

II 

II 

IS 

II 

1200)11 

7500  fps 

nt 

None 

1 1 80  )i  1 

7600  fps 

No 

styph. 

Hfvel  No.e 

152  mg 

I200^s 

1150)ui 

7800  fps 

/iec 

Yes 

II 

It 

s 

II 

• 

m 

No 

II 

II 

•  1 

"  , 

No 

II 

II 

It 

M 

1 160  )i  I 

7750  fps 

1/ sec 

Yes 

sfyph,/ 
shed  gloM 

It 

II 

It 

1160  )|s 

7750  fps 

'/sec 

Yes 

M 

II 

M 

II 

00 

0 

> 

m 

7650  fps 

/sec 

Yes 

ph.  glcM 

n>02 

II  ^ 

•1 

t| 

II 

1160^  s 

7750  fps 

/sec 

Y  es 

9t 

Ir 

II 

1120^1 

» 

8000  fps 

sec 

Yes 

II 

II 

M 

It 

* 

No 

H 

BvMteye 

124  mg 

554 ^  t 

580^  1 

7740  fps 

No 

II 

N 

II 

II 

655)1  . 

6350  fps 

sec 

Yes 

H 

M 

W 

II 

675 

6670  fps 

sec 

Yes 

M 

Here© 

150  mg 

664  ^  1 

675  )j  s 

6670  fps 

'sec 

No 

It 

Ihiique 

124  mg 

403^  s 

675 

6670  fps 

Vocuum 

Stporotion  7«loclfy 

BafFU  Impact 

Sabot  In  Target 

Remark* 

0.  8  mm 

- 

No 

Ye* 

Initiator  powder  sprinkled  In  propellont. 

0.8  mm 

0.9  k  10^  cm/ t9C 

Ym 

Little 

0,4  mm 

- 

No 

Ye* 

0, 8  mm 

0,77  X  10^  cm/iec 

Y#i 

No 

X-roy  *how*  *cibot  opening  from  the  rear 
at  3"  from  launch  tube. 

0, 2  mm 

m 

No 

Ye* 

0. 15  mm 

0, 74  X  1 0^  cm/ioc 

Ye* 

Very  little 

0, 7  mm 

No 

Ye* 

0,8  mm 

1,1  X  10^  cm/t«c 

Ye* 

No 

0, 8  mm 

0,9  X  10^  cm/^»«c 

- 

Very  little 

0,9  mm 

nil 

No 

Ye* 

Test  for  oerodynomlc  separation.  X-roiy 
shows  sabot  opening  from  front. 

0,6  mm 

1,5  X  10^  cm/s9c 

Ye* 

Very  little 

0,9  mm 

- 

No 

No 

0,9  mm 

- 

No 

Ye* 

0,9  mm 

0.52  X  10^  cm/iec 

Ye* 

Very  little 

X-roy  show*  cup  ruptured. 

0.9  mm 

0.26  X  10^  cm/iec 

Ye* 

No 

X-ray  show*  cup  Intocf  hut  free  of  sobot. 

).7  mm 

0,62  X  10^  cm/sec 

Ye* 

Some 

X-roy  shows  cup  ruptured. 

).7  mm 

0,04  X  10^  cm/$0c 

1  Half 

Ye* 

1  Half 

1.5  mm 

1,1  X  10^  cm/iec 

Ye* 

Very  little 

',9  mm 

- 

No 

No 

,8  mm 

- 

No 

Very  little 

.9  mm 

1 , 0  X  10^  cmAec 

Ye* 

No 

.  7  mm 

1 , 0  X  1 cm/ lec 

Ye* 

No 

.7  mm 

0.  07  X  1  0^  cm/»ec 

No 

Y  es 

Front  opening  (aerody namic ) 

Powder  failed  to  Ignite. 

,  8  mm 

nil 

No 

Ve* 

n 

Mk  VI  Mod  1  fiborglou 

8.09  gm 

Vortical 

Pb  styph. 

12 

Mk  VI  Mod  1  fiborolott 

8.09  gm 

li 

M 

13 

Mk  VI  flborgloM 

8.09  gm 

1) 

II 

14 

A4k  VI 

10.22  gm 

Hori  zontal 

II 

IS 

Mk  VI 

10. 1  gm 

li 

Pb  itypb, / 
crushed  gloss 

14 

Mk  VI 

10.16  gm 

M 

II 

17 

Mk  VI  MoJ  1 

10.09  gm 

II 

Styph.  glass 
Zr1^02 

18 

Mk  VI  Mod  1  flbofglcM 

6. 14  gm 

II 

II 

19 

Mk  VI  Mod  1  nbofgioM 

8. 10  gm 

II 

II 

20 

Mk  VI  Mod  1  nborglon 

8. 12  gm 

II 

II 

21 

A4k  VIMod  1 

8. 12  gm 

II 

M 

22 

A4k  VIMod  1 

9.78  gm 

II 

M 

23 

Mk  VI  Mod  1 

9.74  gm 

II 

M 

24 

Mk  VI  Mod  1 

9.80  gm 

It 

M 

25 

Mk  VI  Mod  1 

9,58  gm 

It 

II 

26 

Mk  VI  Mod  1 

9.83  gm 

M 

M 

27 

Mk  VI  Mod  I 

9.87  gm 

11 

II 

28 

Mk  VI  Mod  1 

10. 1  gm 

None 

None 

29 

Mk  VI  Mod  1 

9.91  gm 

M 

II 

30 

Mk  VI  Mod  1 

10,0  gm 

tl 

II 

31 

Mk  VI  Mod  1 

9.94  gm 

II 

II 

32 

Mk  VI  Mod  1  flboroion 

7.97  gm 

It 

II 

33 

Mk  VI  Mod  1 

9,95  gm 

II 

tl 

Hivel  No.? 

!  .^2  fTifj 

1200^  s 

1  ISOyu  1 

78 Fp» 

0. 6  mm 

1.5  X  \'J*  cru7,e< 

ti 

1 

ti 

- 

0 . 9  mm 

- 

1* 

<1 

It 

- 

- 

0.9  mm 

- 

II 

II 

1 160  u  1 

7750  fp$ 

0. 9  mm 

0. 52  X  I  0^  cm/$€ 

fl 

• . 

1 « 

1  160  t 

7750  fps 

0. 9  mm 

0. 26  X  1 0^  cjri/^te 

II 

II 

1 180^  I 

7650  fpf 

0.  7  mm 

0,62  X  10^  cm/$« 

II 

II 

11 

1 160 ^  s 

7750  fpi 

0.  7  mm 

0„  04  X  10^  cm/se 

It 

1  Half 

1 1 

1120  u  # 

8000  fpj 

0. 5  mm 

1.1  X  10^  cfTv'^sec 

It 

II 

Ii 

- 

- 

0,  9  mm 

- 

BullMye 

124  tng 

554  p  % 

580  ;j  i 

7740  fps 

0.  8  mm 

- 

II 

II 

II 

655^  $ 

6850  fps 

0. 9  mm 

1 , 0  X  10^  cm/$ec 

II 

It 

II 

675  ^  $ 

6670  fps 

0.  7  mm 

1 . 0  X  10^  cm/sec 

Herco 

150  mg 

6M  n  i 

675  p  s 

6670  fpi 

0.  7  mm 

0. 07  X  1 0^  cm/ se' 

Unique 

124  mg 

403  wj 

/ 

675  ^  s 

6670  fpi 

0.  8  mm 

nil 

Bullseye 

124  mg 

554  ^  s 

750  ^  $ 

6000  fps 

0.  8  mm 

0.9  X  lO"*  cm/sec 

Herco 

1 30  mg 

664^  s 

675  ^  s 

6670  fps 

0. 9  mm 

nil 

Unique 

1 24  mg 

403^  s 

675  ^  i 

6670  fps 

0,  8  mm 

0. 9  X  10^  cm^sec 

None 

- 

- 

910yu  j 

13156  fps 

1 . 0  mm 

Yes 

Builseye 

1 24  mg 

5  54;;  s 

350  u  $ 

14133  fps 

50.  0  mm 

Yes 

II 

11 

Ii 

620 

14000  fps 

50. 0  mm 

0, 8  X  10^  cm/$ec 

11 

11 

It 

680  ^  s 

14000  fps 

50.0  mm 

Yes 

11 

l> 

11 

1000^,  $ 

12037  fps 

1 00. 0  mm 

- 

II 

II 

If 

~ 

- 

1 . 0  mm 

Yes 
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KT*  rni /^sec 

Y«$ 

Pb  styph. 

HIvel  No. 2 

1  62  mg 

1200^  1 

1 160yn  s 

/'8( 

No 

II 

II 

|i 

l< 

- 

. 

No 

M 

II 

If 

It 

- 

- 

X  1  0^  cm/^$ec 

Ye* 

II 

II 

II 

1 1 

1  160^  s 

775 

X  }  0^  ari/^*ec 

Yes 

Pb  ifypb,/ 
crushed  gloss 

II 

'■ 

ti 

1 160^  s 

775 

X  1  0^  cm/$ec 

Yes 

II 

II 

" 

It 

1180^  s 

765 

X  1  0^  cm/$ec 

F 

10^  crrv'^iec 

Yes 

Yes 

Sfyph.  gloss 

ZrPbOo 
••  ^ 

II 

II 

It 

II 

II 

II 

1160^  s 

1 120^i  s 

775 

800 

No 

•1 

II 

11 

It 

- 

- 

No 

•1 

Bullteye 

124  mg 

554  ;j  $ 

580^  s 

7741 

10'^  cm/$ec 

Yes 

II 

II 

II 

M 

655^4  s 

685( 

1 0^  cm/$ec 

Yes 

II 

II 

M 

It 

6/6  ^  $ 

667( 

:  1 0^  cm,/ »ec 

No 

H 

Here© 

150  mg 

664  ^  s 

675  ^  s 

667( 

1 

No 

11 

Unique 

124  mg 

403^  s 

675^  s 

667( 

10^  cm/s«»c 

Yes 

II 

Bullseye 

124  mg 

554 

750  ^  s 

600C 

1 

No 

II 

Herco 

130  mg 

664  ^  s 

675  ^  s 

667C 

'  0^  cm  ^%ec 

Yes 

II 

Unique 

1 24  mg 

403^  s 

675 

667C 

!S 

- 

None 

None 

- 

- 

9)0/j  s 

13156 

ss 

~ 

II 

Bullseye 

124  mg 

554^  s 

850  u  1 

14133 

1  0^  cm  /$ec 

- 

II 

II 

II 

II 

670^  $ 

14000 

*s 

- 

II 

II 

M 

It 

680  ^  s 

MOOO 

- 

II 

11 

(> 

M 

1000  s 

12037 

>s 

II 

II 

II 

II 
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76()0  fpi 

0.'3 

rnrn 

m‘  1 

No 

Yes 

lest  for  xiefixl'v  rrarn i<  separation, 
strews  saf'Ot  ofrei'imj  from  front. 

;rt(X)  fp$ 

0.6 

mn\ 

1.5  X  1  0^  c;v.  IOC 

Yoi 

Vei>  litfle 

- 

0.9 

mm 

- 

^4o 

No 

- 

0.9 

mrn 

- 

No 

Yes 

7750  fp$ 

0.9 

mm 

0.52  X  10*^  cm/sec 

Yes 

Very  litHe 

'^-rrjN  sliowi  cup  ruptureri. 

7750  fp$ 

0.9 

n>m 

0,26  X  10*^  cm  sei: 

Yes 

No 

X-ra>  sirows  t  up  intact  I'ut  free  of 

7650  fps 

0.7 

mm 

0.62  X  1(7^  cm/s«^c 

Yes 

Sonie 

X-roy  shows  rup  ruptured. 

7750  Pp» 

0.7 

mm 

0..04  X  10^  crn/sec 

1  Half 

Yes 

1  Half 

8000  fpi 

0.5 

mm 

1.1  X  10^  cm/ sec 

Yes 

Verv  litfle 

- 

0.9 

mm 

- 

No 

No 

7740  fps 

0.8 

mm 

- 

No 

Very  litfle 

6850  fps 

0.9 

mm 

1 , 0  X  1  cm/sec 

Yes 

No 

6670  fps 

0.7 

mm 

1 . 0  X  10^  cm/'sec 

Yes 

No 

6670  fps 

0.7 

mm 

0.  07  X  1  0^^  c.n/ sec 

No 

Yes 

Front  openinp  (aerodynamic) 
Powder  failed  to  ignite. 

6670  fps 

0.8 

mm 

nil 

No 

5  e$ 

6000  fps 

0.8 

mm 

0.  9  X  10^  cm/sec 

Yes 

Very  little 

6670  fps 

0.9 

mm 

nil 

No 

Y  es 

Front  opening  (oerody  narnic) 
Powder  failed  to  ignite. 

6670  fps 

0.8 

mm 

0.  9  X  1  0  c  n.  Sec 

Yes 

rHo 

13156  fps 

1.0 

mm 

Yes 

- 

'I'es 

Sabot  break-up  test.  No  Preak-up 

14133  fps 

50.0 

mm 

Yes 

- 

1  Half 

Projectile  missed  target. 

4000  fps 

50.0 

mm 

0.8  X  10*^  crn  'sec 

-- 

V'er*-  little 

it  } 

4000  fps 

50.0 

mm 

Yes 

- 

1  Half 

1  1  • 

2037  fps 

100.0 

mm 

- 

- 

Ver/'  It* tie 

i  '■  1 

1.0 

mm 

Yes 

No 

M  II 

:v  CONCLUSIONS 


U  can  be  seen  from  the  experimental  results  that  for  velocities  up  to 
14,000  fps  this  scheme  of  active  sabot  separation  works.  Although 
the  separation  velocity  of  the  sabot  halves  vras  not  as  high  os  pre¬ 
dicted  by  the  calculottoos.  It  Is  nevertheleu  quite  satisfactory  for 
most  appilcotlons. 

It  Is  difficult  to  ossess  the  exoct  reasons  for  the  separation  velocity 
being  less  than  colculotod;  however,  the  following  foetors  may  be 
Involved: 

1.  The  calculation  assumed  a  revenible  odtobotlc  expansion 
which  this  process  Is  not.  The  error  due  to  this  Is  not 
expected  to  be  greoter  than  ten  percent,  however. 

2.  The  assumed  efficiency  of  energy  conversion  was  ten  per 
cent.  This  Is  believed  to  be  a  reosoryible  value,  but  a 
lower  effIcIetKy  would  have  caused  the  slower  velocity. 

3.  The  burning  time  calculations  are  certainly  not  exact. 

A  significant  difference  In  the  bumliig  time  and  the  time 
In  launch  tube  would  ros'^’.i’  In  a  lower  velocity  than  cal¬ 
culated. 

Addltlorral  experimental  work  would  be  required  to  determiise  which 
or>e  of  the  above  Is  causing  the  lower  separation  velocity.  In  all 
probability.  It  Is  some  combIrHstlon  of  the  three.  This  Is  somewhat 
academic,  however,  since  adequate  seporotlon  performance  was  achieved. 
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RECOMMENDATIONS 


Two  problems  remain  which  need  additional  attention.  The  first  Is  the 
elimination  of  the  effect  which  causes  the  projectile*  to  miss  the  targets 
In  light  gas  gun  ranges;  the  second  Is  o/erali  sabot  weight  reduction  so 
thot  higher  velocities  may  be  achieved. 

The  two  most  likely  effects  which  ere  causing  the  projectiles  to  mis*  the 
target  are  (1)  sabot  balloting  in  the  launch  tube,  and  (2)  unsymmetricai 
opening  of  the  sc^ot  from  the  rooTc.  The  present  l/D  of  the  sabot  is  obout 
0,55«  The  L/D  should  be  about  1 .5  and  preferably  2.0.  With  the  present 
overall  length  of  the  sdbot,  on  L/D  of  1 ,5  could  bo  achieved.  This  would 
rec{uire  one  of  tv/o  things,  either  not  tumlf>g  a  taper  and  o  dome  on  the 
ends  of  the  sobot  so  thot  the  sabot  becomes  a  cylinder,  or  the  fitting  of  a 
hollow  slee/e  abesut  the  sabot  which  would  extend  the  contact  surface  length 
with'Xjt  adding  metal  to  the  main  sabot  body.  The  first  of  these  solutions 
has  the  drav/bcck  of  adding  a  Sot  of  weight.  It  would  be  however,  o  much 
more  rigid  structure.  The  addition  of  a  hollow  sleeve,  os  In  the  secorxi 
suggeetlcn,  would  recpjiro  soma  kind  of  shoulder  machined  on  the  sabot  to 
engage  the  sleeve  end  the  sleevo  Itself  would  ha>/e  to  be  fairly  thin.  There 
Is  somo  question  wliefher  this  letter  assembly  v/ould  withstood  the  occelerotion 
forces  In  tho  gun.  Both  should  be  tried,  hov/ever. 

The  correction  of  the  unsymmatrical  opening  of  the  sobot  from  tho  roar  should 
not  bo  a  savero  problom  Tho  sebot  tends  to  open  from  the  reor  now  because 
the  center  of  pressure  frem  the  cavity  is  aft  of  the  center  of  gravity  in  the 
sabot  liaives  Ai  attempt  was  mode  during  this  program  to  move  the  center 
of  gravity  aft  by  removing  mctol  from  the  front  toper  of  the  sobot-,  This  was 
unsuccessful,  however. 

The  use  of  c  cavity  which  is  ccntcured  more  to  the  exterior  shape  of  tho  sabot 
would  pi'cbcbly  correct  'his  5uch  c  cavity  could  be  any  shape  These  sabots 
would  hove  to  be  node  by  casting  Tho  use  of  casting  would  provide  o  possible 
scluvlon  !o  thn  probU  n  of  unsymcicHca!  opening,  olso  The  unsymmetricci 
epeninn  is  nev/  caused  by  the  propellant  cup  going  with  one  half  of  the  sobot, 
Mius  o<it  half  has  u  higher  mass  than  the  other.  The  use  of  casting  would 
eliminato  ti;c-  need  for  c  propellant  cup.  Interlocking  ridges  could  be  cast  on 
each  side  of  tho  sobot  so  thot  the  gas  seal  is  carried  integrally  with  euch  half, 
it  could  be  designed  so  thot  each  half  had  the  seme  amount  of  metal  In  the 
seo!  end  thus  the  some  mass  A  contoured  cevity  would  also  permit  a  shorter 
sabot,  foducing  the  o'/'sraii  moss 
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SfgnSFIcant  mats  r«ductIon  can  only  be  accotnpllsbad  by  fhe  use  of  lower 
density  materials.  At  the  moment  this  appears  to  be  a  severe  problem. 

Many  metallic  and  rxmmetalllc  materials  have  been  tried  in  various 
laboratories  vrith  no  results  to  far.  One  possible  solution  however  lies  in 
the  use  of  combirtatlorts  of  materials  in  a  single  sdsot.  For  example.  If  It 
were  desired  to  accelerate  o  high  density  projectile,  the  main  body  of  the 
sobot  could  be  maeie  of  a  tough  tow  density  plastic  material,  such  on  Lexan, 
with  a  steel  Insert  for  carrying  the  projectile.  The  Insert  would  be  designed 
to  distribute  the  force  ever  a  much  larger  area  of  the  sabot  than  If  the 
plastic  were  carrying  the  projectile  directly.  A  program  utilizing  both 
design  analysis  and  experlmcntotlon  would  be  required  to  develop  a  con¬ 
figuration  >^lch  would  give  the  desired  results. 
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APPENDIX  A 


SAMPLE  CALCULATION  FOR  BULLSEYE  PISTOL  POWDR 


Bullseye  pistol  powder  has  the  following  characteristics: 

Solid  density  -  ^  =  I  -6  grrv/cm^ 

Bulk  density  -  0.56  gm/cm^ 

Ratio  of  specific  heats  -  IT  =\  ,21 

Moles  of  gas  generato-:;  •  m  =  0,036  9*^  moles 

gm  (powder) 

Gas  temperature  (adiabatic,  isochaJc)  -  T  =  4000®  K 
Heat  of  explosion  -  1306 

gm 

Granulation  -  9,65  x  10“^  cm  dlcameter  x  8-38  x  ICT^  cm  long 

Burn  rote  equciti  on  foctoo  -  n  =  1 , 006 

c  =6,22  X  10-4 

1 ,  Calcuiotion  of  PdVV'/ork,  Pressure,  and  Volume  Change 
C:  Moss  of  Powder  Required 

M  ^  10  X  67.5  joules  X  _ _ , _ x  =  124  milligrams 

TTTF  joules  1(306  cal  ^ 

b  Volume  Required 

V  =  124  X  10-3  _  =  0.222  cm^  =  13-58  x  10“^  In^ 

0,56  gram 

odd  10%  for  initiation 

Cov'ty  /olume:  V,  ~  1  . 1  x  0,222  cm3  _  Q  245  cm^  =  14  88  x  10  ^  in^ 
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d. 


67.5  joules 


Givlty  Prewure 

Neglect  contribution  from  fnitlotor,  Asjome  perfect  gos  low. 

P,  »  nRT  _  124xl(r3Qm  ..  0.036  gm-moles  „  8.2057  x  10~^  liter  atm  ^ 
'  ■V“'*  2.45x10=^1  gm  gm-mole 

\ 

4000®  Kx  IflP  ian?. 

liter 


=  5990  otmospheres  =  88  X  10^  psi 


PrcMure  Change 

Assume  revenible  odlobotic  expansion.  Assume  perfect  gos 


W  =>  - 


2r  nRT 

T=^ 


(ir) 


r-i 


-I 


(1.21)(124x  10"^gm)(0«036  gm-nx>les)(8.31  |oules)(400cPK) 


r 


(1.21-1) 

0. 1736 


l88  X  lO" 


+  1 


gm 


0.0789 


gro-mole  "K 


'|M 


1.21-1 

"XJT 


1 

ll 


88x  10^ 


(0.9211) 


1 

^0735 


0.622 


p2  =  54.75  x  10^  ptl 
AP  =  P]  -  Pj  -  33.25  X  10^  psi 


2P 


e.  Volume  Chonge 

For  reversible  odlobatlc  expansion 

ir 


1 


1 


1.21 


54.75  X  10^  _  (  0.245 

sfi  rR?--  " 

1 

0-245  =  ^0,622)1-^  =  0.6753 

'^'2 

Vj  =  0.363  cm3  =  2:, 2  x  10-3 
AV  =  '>^2  " '^1  ”  0,1  !3  cm3  _  7^3  x  10"3  in3 


2.  Calculaflon  of  Powder  Burn  Time 
a.  Grain  Volume 


V  = 


^  ■  =  ^iT'  r9.65  X  10-2)^  (8.38  x  10'^)  =  6, 13  x  ICT^  cm3 


b.  Number  of  Grains 


n*  =  124  X  10"3  gram  x  . 


cm^  groin  =  1268 

6  gram  6.13  x  lO"*'  cm'' 


Total  Moles  or  Gas  Produced 


N 


-  rnM  =  3,.c  X  10~2  r.v-moles  ^  q  ^24  gm  =  4.46  x  10"3  gm-moles 

gm 


29 


30 


From  this  equation,  the  following  table  lists  dj^Ofxi  dr  for  various  voluei  of  r 


t  sec 


0.798 


0.04820 


0.529 


1,890 


0,04800 


0.224 


4.460 


0.04783 


0.1128 


0.04741 


0.0830 


12.05 


0.04699 


0.0560 


0,04657 


0.0415 


24.10 


0,04615 


0.0326 


30.70 


0.04573 


0.0275 


36.39 


0,04531 


0.0233 


42.95 


0.0211 


47.40 


0.01905 


52.50 


I _ 0.04406 


0.01778 


56.30 


Mcie  tl'.a'i  of  r  =  0  04406,  the  grain  is  completely  consumed.  This  is  because 
ihf  icnglh  is  much  ieis  ti>an  the  diameter-  Figure  A  is  a  plot  of  dt  vs  r, 

Tr 

GrcHjhiraliy  integrating  under  the  curve  in  Rgure  A,  the  burning  time  is  found 
to  be  5  54  >:  10”^  seconds 


